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(54) Apparatus for injecting fluid into animals and disposable front loading syringe thei^fbr 



(57) An animal fluid injector, replaceable syringe 
and method of replacement of the syringe in the injector 
are provided in which the syringe (32) is loadable and 
unioadable into and from the injector through the open 
front end (35) of a pressure jacket (31) of the injector, 
thereby permitting replacement without retraction of the 
syringe plunger drive (100) or disconnection of the 
injection tubing (65). The syringe (32) is provided with a 
pressure restraining front end. such as an integral or 
removable cap (56) with structure such as threads (86) 
that took the syringe (32) to the front end of the jacket 



(31) by mating with threads (85) on the jacket (31). A 
mechanism (125) in the injector, which includes, for 
example, a key on cam ring (127) operated by a lever 
(1 40) with one hand of an operator, interacts with struc- 
ture such asymmetrically spaced notches (151-153) on 
the back end of the syringe (32) to. for example, rotate 
the syringe and simultaneously translate or rotate a 
coupling (96) on the syringe plunger (54) into and out of 
engagement with the plunger drive (100) in the injector. 




FIG. I 
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Description 

The present invention relates to injectors and more 
psulicularly to disposable replacement syringes tor ani- 
mal fluid injectors. 

Background of the invention: 

Injectors are devices that expel fluid, such as con- 
trasting media, from a syringe and through a tube into 
an animal. The injectors are provided with an injector 
unit, usually adjustat>ly fixed to a stand or support, hav- 
ing a drive that couples to the plunger of the syringe to 
drive it fonA^ard to expel fluid into the tube, or that may be 
driven rearward to draw fluid into the syringe to fill it. 
Usually the syringe is a disposable replacement type. 

In the injection phase where the plunger is driven 
fbnA/ard, pressures are developed in the syringe that 
range from, for example, twenty-five psi for some appli- 
cations to over 1000 to 1200 psi for other applications. 
Syringes that will contain fluid under such pressures are 
expensive and therefore impractical where the syringes 
are to be disposable. Accordingly, many such injectors, 
such as angiographic injectors, for example, have been 
provided with pressure jackets fixed to the injector units 
and into which the syringes are inserted. The pressure 
jackets contact the outer surfeces of the syringe to 
restrain the walls off the syringe against the internal 
pressures. 

To hold the syringes in the pressure jackets, the 
jackets of the prior art have been configured to surround 
the front ends of the syringes to restrain the syringe 
front wall against forward acting forces of the drive and 
the fluid pressure and to hold the syringe in the jacket. 
Because the front end of the pressure jacket is closed, 
rear loading was necessary, and accessibility thereto 
was provided by hinging or rotating the jad^ to allow 
for removal and replacement of the syringe from the 
rear. The opening and reclosing of the injector unit to 
replace the syringe requires a certain amount of time, 
which. In the course of the procedure being performed, 
is not wholly desirat^le. 

Furthermore, while for many years injector units of 
various types have been capable of disconnection of the 
plunger drive from the drive coupling on the syringe 
plunger at any position of the plunger within the syringe, 
retraction of the drive is typically required l3efore the 
syringe can be removed. This is because the opening of 
the injector unit to remove and insert the syringe from 
the rear requires, for example, a translating or rotating 
of the jacket from the axis of the drive, which cannot be 
achieved if the plunger drive is extended. 

For example, at the end of an injection procedure, 
the syringe plunger typically is forward, as is the plunger 
drive. Since, in the prior art injectors that load from the 
rear, the pressure jacket is moved through the position 
-that-the-drive-oocupies-when-extended in-order to - 
remove the syringe. Hence, the syringe cannot be 
immediately removed without retracting the plunger 



drive. Further, the disposable tubing that connects to 
the nozzle of the syringe must be disconnected from the 
syririge in order to remove the syringe from the jacket. 
Additionally, when an empty new syringe is inserted, the 

5 drive must be in its retracted position. 

More often than not, the syringe is inserted empty 
and filled by retraction of the plunger with an injection 
tube connected to a supply of the fluid that is to be 
injected. In addition, before an empty new syringe can 

10 be filled, it is necessary that the plunger be fully forward 
in the syringe so that the syringe can be filled by rear- 
ward retraction of the plunger. As a consequence of the 
need with such prior art injectors to retract the drive 
upon loading the syringe, it is then necessary to fully 

15 advance the drive to the position in which it in engage- 
ment with the plunger and the plunger is in its full for- 
ward position. The drive then engages a coupling on the 
plunger of the replacement syringe. This need to retract 
and advance the drive contributes to a loss of time in the 

20 syringe replacement process. 

Accordingly, there has been a need to more quickly 
load and unload disposak)le replacement syringes in 
angiographic injectors, and for injectors and replace- 
ment syringes that can accommodate a more efficient 

25 process of syringe replacement. 

Summarv of the invention: 

It is an objective of the present invention to provide 
30 a method and apparatus by which replaceat>le syringes 
can be more efficiently loaded into and unloaded from 
injectors. 

It is a more particular objective of the present inven- 
tion to provide an injector, nrore particulariy an angio- 

35 graphic injector, a replacemerrt syringe therefor, and a 
method of replacing the syringe in the injector that pro- 
vide for more efficient replacement of the syringes in the 
injector. It is an additional objective of the present inven- 
tion to provide an injector wherein a used syringe can 

40 be removed and a new one inserted in the injector with- 
out retractton of the drive from the pressure jacket, in 
most applications. It Is a further objective of the inven- 
tion to allow for the removal of the used syringe from the 
jacket without disconnection of the injector tube from 

45 the syringe nozzle. 

It is still a further objective of the present invention 
to provide an injector, replaceable syringe and mettiod 
of syringe replacement with which the replacement of 
the syringe can be achieved with simple motions by the 

50 operator or with rapid operation of injector unit mecha- 
nisms. 

An additional objective of the present invention is to 
provide an injector and replaceable syringe therefor that 
will facilitate control of the orientation of the syringe in 
55 the jacket, and ther^y provide for positive, rapid and 
reliable engagement of tiie syringe with locking struc- 
ture that holdsthesyringein^e~jacket,^engagement~of^ 
the plunger drive and plunger drive coupling, or connec- 
tion of the inj^tiontobe to the oirtlet of the ^ 
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A further objective of the present invention is to pro- 
vide for easy to operate mechanism and reliable locking 
structure for locking the syringe in place in the pressure 
jacket of the injection unit. 

Another objective of the present invention is to pro- s 
vide an injector and syringe arrangement that minimizes 
or eliminates the probability of spillage from the syringe 
nozzle flowing into the injector equipment, and other- 
wise enhancing the ability to maintain sterility and 
cleanliness 1 0 of the equipment. io 

According to the principles of the present invention, 
there is provided an angiographic injector having a front 
end loadable syringe that can be loaded into and 
removed from the injector pressure jacket through an 
opening that is provided in the front end of the pressure 75 
jacket. To provide this front end loadable feature, the 
syringes of the preferred and illustrated embodiments of 
the present invention are provided with a front wall that 
is pressure restraining, that is, is of sufficient strength to 
support the front of the syringe against the expected 20 
pressures within the syringe, and that is securable to 
the front end of the pressure jacket so as to complete 
the pressure restraining enclosure of the syringe within 
the pressure jactet and hold the syringe in the jacket In 
one preferred form, this front end of the injector is 25 
formed of a separate pressure restraining cap made of 
material thiat is separate from the front wall of the 
syringe and may be reusable. In another prefen^ed form, 
the cap may be formed integrally of the front syringe 
wall. With the cooperating structure of the jacket and the 30 
syringe, restraining of the pressure jacket along the 
front and sides of the syringe is provided where the 
jacket allows for the replacement of the syringe from the 
front. 

In one preferred and illustrated emtxxliment of the 35 
invention, the front end of the syringe locks to the front 
end of the pressure jacket through a cooperating 
engagement of mating threads on the syringe jacket 
The threads include external thread sections formed at 
the front end of the pressure jacket and internal threads 40 
formed on an outwardly extending flange or rim of the 
front wall of the syringe, preferable on a pressure 
restraining cap. Alternatively, other securing or locking 
structure such as a clip or an adaptor, for example, may 
be employed to join the syringe to the jacket. 4S 

in the preferred emtx>diment of the present inven- 
tion, the threads are engageable in a limited number of 
angular positions to thereby predetermine the angular 
orientation of the syringe in the pressure Jacket. Addi- 
tionally, other keys and keyways carried respectively by so 
the unit and by the syringe limit the angular position in 
which the syringe may be inserted imo the jacket to a 
unique predetermined angular orientation. Preferably, 
three keyways. such as slots or notches, unequally 
spaced around the back, rearward or proximate edge of ss 
the syringe body, engage similariy spaced keys or tabs 
on the unit at the rear end of the pressure jacket to per- 
mit insertion of the syringe into the jacket in one and 
only one orientation. 



Further in accordance with principles of the present 
invention, in its prefenred emtxxJiment, a coupling on the 
syringe plunger is centrally located and symmetrical 
atx)ut the axis of the plunger. A pair of jaws on the 
plunger drive is moveable either by transverse straight 
or arcuate translatory motion or by fonAard longitudinal 
motion to form a connection between the coupling and 
the drive. Once coupled to the drive, the coupling 
remains engaged to the drive during longitudinal motion 
of the drive to cause the plunger to move fonward or 
backward with the drive. Disengagement occurs there- 
after only upon transverse translational motion of the 
plunger with respect to the drive. In certain embodi- 
ments, this translatory transverse nrx>tion occurs by 
translatory movement of the jacket, and the injector unit 
door that canies the jacket, with respect to the plunger 
drive and the unit housing. In other embodiments, an 
asymmetrical coupling is provided that engages and 
disengages the plunger drive upon rotational movement 
of the syringe with respect to the drive. 

Preferably, the motion for locking the syringe to, and 
unlocking the syringe from, the jacket is achieved by 
rotation of the syringe in the jacket, and preferably, this 
motion is linked to, and occurs simultaneous with, the 
motion that engages and disengages the plunger cou- 
pling and drive, whether that coupling is by tiranslation or 
rotation, in addition, the syringe and plunger drive are 
so dimensioned and positioned to prevent contact 
between the drive and the sterile interior wall of the 
syringe, regardless of the position of the drive, as the 
syringe is being loaded. 

Preferably, the syringe is formed of a cylindrical 
body, with ttie front end in the shape of a truncated cone 
that temninates in a forwardly extending neck with an 
orifice at its remote end that is connectable with an 
injection tube. The front end of the syringe is shaped so 
as to direct fluid leaking from the nozzle outwardly 
around the front end of the jacket. This prevents leak- 
age, which often results upon disconnection of the injec- 
tion tubing, from entering ttie space between the 
pressure jacket and the syringe k)ody 

Replacement of the syringe begins, in the preferred 
emtxxliments of the invention, with the unlocking the 
syringe at its front end from the front end of the pressure 
jacket, preferably by rotating tiie syringe with respect to 
the jacket, and by disengaging the plunger drive from 
the syringe plunger, alternatively by transverse transla- 
tional or rotational motion, preferably simultaneous witii 
arKi linked to the motion tiiat disengages ttie syringe 
from the jacket. The unlocking of the syringe from the 
jacket occurs, for example, by loosening mating threads 
at tiie front of the syringe and jacket. The twisting of the 
syringe in tine jacket is linked to motion that either ti^ans- 
lates transversely or rotates a coupling on ttie syringe 
plunger out of engagement with the plunger drive. 

Then the syringe is renrxived from the jacket 
through the open front end of the jacket. This removal 
may take place without retraction of the plunger drive, 
shouM the drive be advanced in the pressure jacket at 
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the time of disengagement from the plunger coupling. 
The used syringe may also be removed wi thout discon- 
^^v^;^MiMneetionftof*theTdii^^ 
zie of the syringe. 

When the used syringe Is removed, a replacement 
syringe is inserted into the jacket through Its open for- 
ward end and the front end of the new syringe Is locked 
to the front end of the jacket, preferably by relative rota- 
tion of the syringe in the jacket to cause, for example, 
engagement between mating threads on the front end 
of the syringe and the front end of the jacket. The 
plunger drive, in one embodiment, is translated to bring 
the plunger coupling engaging jaws into alignment with 
the plunger coupling, preferably simultaneously with the 
locking of the syringe to the jacket. The jaws thereby 
either engage the coupling upon the translatory motion, 
or thereafter engage the coupling by longitudinal 
advancement of the drive against the coupling. In one 
embodiment, the jaws are positioned off center of the 
drive so that the drive, whether in the engaging or the 
disengaging posltk)ns. does not contact a syringe as the 
syringe is guided by the jacket during loading. 

In an alternative embodiment, engagement of the 
plunger drive with the coupling occurs by relative rota- 
tion of the drive and the coupling, preferably by rotating 
the coupling relative to a stationary plunger drive, rather 
than by translational motion between the drive and the 
coupling. Only if the rest position of the plunger of tiie 
replacement syringe is behind the final position of the 
plunger drive at the time It was disconnected from the 
coupling of the plunger of tiie syringe being replaced 
need the plunger drive be retracted. 

The engagement and disengagement motions 
between the plunger drive and plunger drive coupling, 
and between the syringe arKi the pressure jacket, are 
provided with manually operable mechanism that In the 
prefenred and illustrated embodiments, rotates the 
syringe In the jacket and further eitiier rotates or trans- 
lates the coupling with respect to the plunger drive, with 
a simple one harxJ operated mechanism. The mecha- 
nism provides a convenient lever, operable through a 
short arc. to rotate the syringe in the jacket and to then, 
preferably, translate the pressure jacket that carries the 
syringe and is carried by the injector unit door, or to oth- 
erwise move the syringe with respect to the drive, to 
bring the plunger coupling of tiie syringe into or out of 
aiignmertt with the plunger drive. 

The present invention provides a disposable 
syringe tiiat may be replaced in an angiographic or CT 
injector with great efficiency and speed. Further, 
replacement may occur without retraction of the plunger 
drive of the injector unit. Simple and rapid one hand 
operation of the engaging and disengaging structure is 
provkJed. 

These and other objectives of the present invention 
will be more readily apparent from the following detailed 
_ _description-of-the.drawings in-which:- - - - 



Brief Description of the Drawings 



Rg. 1 Is a perspective view of an angiographic CT 
Injector emtxxiying principles of tiie present Invention. 
5 Rg. 1 A is a perspective view of an another form of 

angiographic injector embodying principles of the 
present invention. 

Rg. 2 Is an exploded perspective view of a portion 
of one prefen-ed embodiment of the injector of Rg. 1 . 
10 Rg. 3 is a perspective view of tiie portion of tiie 
Injector of Rg. 2. 

Rg. 4 is a cross-sectional view along lines 4-4 of 
Rg. 3 Illustrating a replaceable syringe unlocked from 
the housing for insertion into or removal therefrom. 
15 Rg. 5 is a cross-sectional view similar to Fig. 4 but 
Illustrating the syringe locked to the structure carried by 
the housing. 

Rg. 6 is a cross-sectional view along the line 6-6 of 
Fig. 5. 

20 Rg. 7 is an elevatlonal diagrammatic illustration of 
tiie injector of Fig. 1 witii the pressure jacket and 
syringe removed, and showing the syringe locking 
structure in the locked position such as in Figs. 5 and 6. 
Rg. 8 is an elevational diagrammatic view similar to 

25 Fig. 7 illustrating the syringe locking structure in the 
unlocked position such as in Rgs. 2-4. 

Rg. 9 is an elevational diagrammatic view similar to 
Fig. 7 Illustrating tiie locking mechanism in the housing 
door release position. 

30 Rg. 10 Is a cross-sectional view through the hous- 
ing of the injector taken along lines 10-10 of Fig. 1 witii 
the plunger drive disengaged from tiie syringe plunger 
coupling. 

Rg. 1 1 is a view of a portion of Rg. 10 illustrating 
35 tiie plunger drive longitudinally moving into engagement 
with the plunger coupling. 

Rg. 12 is a view of a portion of Rg. 10 illustrating 
tiie plunger drive in engagement witii the plunger cou- 
pling. 

40 Rg. 13 Is a front view of a portion off another 

emtxxjiment of the injector of Fig. 1. 

Rg. 14 is a view of an alternative embodiment of a 

portion of a syringe according to principles of the 

present invention. 
45 Rg. 15 is a cross-sectional view similar to Fig. 5 of 

an altemative embodiment of the Invention, Illustrating 

alternative engaging structure between the front ends of 

the syringe and jacket. 

Rg. 16 is a cross-sectional view similar to Fig. 5 of 
so a furtha- altemative embodiment of the invention, also 

illustrating alternative engaging structure between the 

front ends of the syringe and jacket. 

Rg. 17 is a front end view of still a further alterna- 
tive emtxxjiment of the invention, also illustrating alter- 
55 native engaging structure between the front ends of the 

syringe and jacket. 
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Detailed Description of the Drawings 

Referring to Fig. 1, an angiographic injector 10 
according to another preferred embodiment of the 
present invention is illustrated, configured for CT appli- 
cations. The injector 10 includes a ceiling mounted sup- 
port 1 1 , adjacent a CT X-ray unit, to the lower surface of 
which is rigidly supported a vertically descending sup- 
port column 12. 

Remote from the support 1 1 is an injector control 
module console 13 behind a wall which isolates the 
operator area from the X-ray equipment. The console 
13 is located adjacent a control 14 of the X-ray equip- 
ment. Electrical power and control cables (not shown) 
communicate power and control signals through the 
support 1 1 and the column 12 and to a power lead 15. 
The console 13 connects with an injector control mod- 
ule 16. which includes a programmable microprocessor 
(not shown) to which commands and programming 
codes are input through a keyboard 17 on the console 
13. The console 13 is also provided with an operator 
display 18 to aid in interfacing the input commands and 
injector status with the operator. 

Attached to the column 12 is an articulating adjust- 
at)te arm 19. To the remote end of the arm 19 is adjust- 
at>ly supported injection module unit 20. The arm 19 is 
capak)le of setting the unit 20 at varying positions adja- 
cent a patient bed of the CT unit. 

Referring to Fig. 1A, an angiographic injector 10a 
according to another preferred embodiment of the 
present invention is illustrated. The injector 10a includes 
a wheeled base 1 la to the top of which is rigidly sup- 
ported a vertically adjustable upstanding support col- 
umn 12a. To the top of the column 12a is supported a 
control module platform 13a. Electrical power is com- 
municated from a power cord (not shown) through the 
base 1 1 and the upstarxjing support 12a and through a 
power lead 15a to a control module 16a rigidly sup- 
ported to the platform 13a. The control module 16a 
includes a programmable microprocessor (not shown) 
to which commands and programming codes are input 
through a keyt>oard 17a on the nrxxlule 16a. The mod- 
ule 16a is also provided with an operator display 18a to 
aid in interlacing the input commands and injector sta- 
tus with the operator. Attached to the platform 1 3a is an 
articulating adjustable arm 19a. To the remote end of 
the arm 19a is adjustably supported the injection mod- 
ule unit 20. 

The injection module unit 20 of the embodiments of 
Figs. 1 and 1 A includes a housing 21 which contains the 
operating drive structure of the injector 10 or 10a. The 
housing 21 has a support bracket 23 fixed thereto and 
adjustably pivotally supported to the remote end 24 of 
the articulating arm 19 or 19a. The housing 21 has piv- 
otally attached to the front thereof a door 25 at the front 
thereof which is pivotally connected to the housing 21 at 
a longitudinally extending pivot or hinge pin 26 (Fig. 2) 
rigidly supported on the housing 21 and extending for- 
wardly from the front of the housing 21 . 



On the top of the housing 21 is an injector position 
and local control panel 27 having a position indicator 
scale 28 thereon, which displays the position of the 
injector drive to the operator. The panel 27 also includes 

5 a pair of forward and reverse drive direction control but- 
tons 29. which are selectively actuatat>le to activate a 
drive within the housing 21 in eiflier the forward or 
reverse directions. 

Extending fbnwardly from the front of the door 25 is 

10 an injector syringe and pressure jacket assembly 30, 
the structure of which can be better understood with ref- 
erence to Figs. 2*5 below. The syringe and jacket 
assembly 30 Includes a hard plastic pressure jacket 31 . 
which may be of opaque or transparent material, a 

15 removable and replaceable disposat>le syringe 32, 
which may be of opaque, transparent or semi-transpar- 
ent material, and related structure hereinafter 
described. 

The syringe 32 is disposat)le. and includes walls 
20 which will withstand only moderate or low pressure. The 
walls are usually outwardly defbrmabie urxder operating 
pressures, particularly pressures of 300 psi or nrK>re. 
Such higher pressures are necessary to overcome 
pressure drops through the injection tubing at higher 
25 fbw rates, which are often desirable. The jacket 31 is 
made of a stronger transparent material that will, with- 
stand the operating pressures. When the syringe 32 is 
contained in the jacket 31 . it is surrounded by the jacket 

31 and supported by tiie jacket 31 against expansion 
30 caused by the fluid pressure within as the syringe 32 

expands against the jacket wall. 

The pressure jacket 31 has a generally cylindrical 
inner bore 33 extending therethrough from a proximate 
end 34 adjacent tiie door 25 to a remote end 35 of the 

35 pressure jacket 31 toward tiie front of the unit 20. The 
bore 33 is dimensioned so as to receive through tiie 
remote end 35 the disposable syringe 32 and to support 
the syringe against expansion from fluid pressure within 
such fluid pressure may range to more than a tiiousand 

40 psi. The pressure jacket 31 has an annular flange 37 
extending outwardly around the proximate end 34. The 
flange 37 is integrally formed with the jacket cylinder 
ard is shaped to conform to an annular recess 38 sur- 
rounding a circular hole 39 in the door 25 to which the 

45 jacket 31 may be assembled by insertion from the rear. 
The hole or opening 39 in the door 25 and the cylindrical 
bore 33 of the jacket 31 are concentric with a longitudi- 
nal axis 40 on which also lies an axis 41 of the syringe 

32 when the syringe 32 is positioned in the bore 33 of 
so the jacket 3 1 . The jacket 31 is firmly arxi rigklly attached 

to the door 25 with a pair of screws 43, only one of 
which is shown, which are threaded into a pair of holes 
44 in the back of tiie door 25 (Rg. 2). An O-ring seal 46 
surrounds the flange 37 of the jacket 31 in the recess 38 
55 of the door 25. 

The syringe 32 includes a syringe case 50 formed 
of a single piece of molded plastic material, a pressure 
cap 51, a tubing collar 52 (Fig. 3) and a plunger 54 
(Figs. 3-5). The syringe case 50 includes a cylindrical 
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syringe body 55 having an open proximate end 56 and 
a remote end 58 to which is integrally formed a conical 
front wall 57. The front wall 57 is truncated at its forward 
end, to which is integrally formed an elongated neck 59 
extending from the wall 57 at the center thereof. The 5 
neck 59 of the syringe case 50 has an orifice 60 (Fig. 3} 
in its remote end which communicates witii an Internal 
syringe cavity 61 formed within the neck 59, the conical 
front wall 57 and the cyfindrical body 55 of the case 50 
of the syringe 32. The rear end of the cavity 61 is further 
defined by a forward facing conical surface 64 of the 
plunger 54. The conical surface 64 is of a slope which 
conforms to the slope of the interior of the conical front 
wall 57. The plunger 54 is slidable within the tody 55 of 
the syringe case 50 such that the cavity 61 is of variable is 
volume. 

Near the front end of the neck 59 of the syringe 
case 50, just behind the orifice 60, is an Vernal thread 
66 configured to mate with threads 67 on the interior of 
collar 52 (Fig. 3). The thread 66 in the neck 59 has an 20 
stop 69 at near fonvard end thereof to engage an abrupt 
step 70 on the thread 67 of the collar 52 so that, when 
the syringe 32 is properly oriented in the jacket 31 , the 
collar 52, when loosened to its maximum extent, will 
assume a predetermined orientation so as to present, in 2S 
an upwardly facing orientation, a tube end receiving slot 
62 formed in the remote end of the collar 52. This slot 62 
is of T-shaped cross-section so as to receive the 
enlarged flange end 63 of a tube 65 through which fluid 
from the syringe cavity 61 is injected into a patient. 3o 

The cap 51 is generally conical in shape arxj has an 
inner reanward surfeice 75, which conforms to the front 
surface of the conical wall 57 of the case 50 of the 
syringe 32. In certain emtxxiiments. the rearward coni- 
cal surface 75 of the cap 51 may be bonded to the front 35 
surface of the conical wall 57 of the case 50 of the 
syringe 32, or it may be formed integrally therewith, 
molded from the same plastic material as the case 50 of 
the syringe 32. In the preferred and illustrated embodi- 
ment, the cap 51 is separate from the syringe body por- 40 
tion 55 and has a pair of holes or d^ents 76 into which 
fit a pair of projections 77 extenduig fonvardly from and 
formed integrally on the outer surface of the conical wall 
57 of the case 50 of the syringe 32. The cooperation of 
the pins or projections 77 with the holes or detents 76 45 
prevent the cap from rotating with respect to the syringe 
case 50 when the cap 51 is nx>unted on the syringe 32. 

To hold the cap 51 against the conical wall 57 of the 
case 50 of the syringe 32, six resilient tabs 78 are 
formed about a central inner hole 79 of the cap 51 . The so 
tabs 78 are separated by six equally spaced radial slots 
80 (Fig. 3). The hole 79 in the cap 51 Is equal to or only 
slightly greater in size than the circular fonvard end of 
the conical wall 57 of the case 50 of the syringe 32. The 
neck 59 of the syringe 32 has an enlarged straight sec- ss 
tion 81 slightly greater in diameter than the hole 79 in 
_ _ - _ 4he cap 51-arKJ also greater-in diameter-than the forward- - - 
end of the conical wall 57 of the case 50, thereby form- 
ing a groove 82 at the juncture of the straight neck por- 
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tion 81 with the conical wall 57 so that the tips of the 
tat>s 78, which are sufficiently resilient to slide over the 
enlarged neck portion 81 as the cap 51 is inserted on 
the case 50 of the syringe 32 with the hole 79 surround- 
ing the neck SB to snap fit into the groove 82. 

The syringe 32 includes structure that is configured 
to lock the syringe 32 to the front end of the jacket 31 by 
cooperating with mating structure on the jacket 31 . The 
jacket 31 has, spaced around the circunrrference thereof 
near the remote or front end 35 of the jacket 31 . four 
equally spaced outwardly projecting thread sections 85. 
These thread sections 85 are slightly less than 45*" in 
extension around the circumference of the jacket 31 and 
are spaced apart with gaps of slightly greater than 45''. 
The cap 51 has a cylindrical rim 87 in which are formed 
four similarly sized and spaced mating thread sections 
86. The thread sections 86 project inwardly toward the 
jacket 31 when the syringe 32 is positioned in the jacket 
31. As such, when the syringe 32, with the cap 51 
assembled to it is inserted into the jacket 31 , the threads 
86 of the cap 51 pass through the spaces between the 
threads 85 on the jad^t 31 to a point behind the threads 
85. When so inserted, the syringe assembly 32 with the 
cap 51 may be twisted clockwise 45*' to tighten and 
thereby secure the cap 51 to the jacket 31 by engage- 
ment between the threads 85 and 86 as shown in Fig. 5, 
to thereby lock the syringe in the bore 33. 

The pston 54 of the syringe 32 is molded of an 
elastomeric material. Preferably, the piston 54 includes 
two portions molded of different materials and bonded 
together. These portions include a forward more flexible 
portion 90 in which is formed the forward conical sur- 
face 64. This forward portion 90 has a pair of outwardly 
extending rings 91 formed in the periphery thereof to 
make sealing engagement with the inside of the wall of 
the cylindrical body 55 of the syringe case 50. The rear- 
ward portion of the piston 54 is a flat circular surfece to 
which is fc)onded the flat circular forward surface of a 
more rigid rear portion 93 of the piston 54. The rear rigid 
portion 93 of the piston 54 is molded of a harder 
stronger plastic material and has a rearward facing cir- 
cular surface 95 having a reanivard exterviing coupling 
96 integrally formed thereon at its center. The coupling 
96 includes a rearwardly extending cylindrical shaft 97 
on the axis 41 of the syringe 32 and a larger symmetri- 
cal cylindrical button 98 integrally formed at the rear end 
of the cylindrical shaft 97. 

Referring to Fig. 10, a piston drive assembly 100 is 
illustrated contained within the housing 21. The drive 
assembly 100 includes an electric motor 101 mounted 
within the fixed housing 21 and having a rotary output 
shaft 102 with a drive gear 103 fixed to the remote end 
thereof. The drive gear 103 is positioned for driving 
engagement with a driven gear 104 fixed near the rear 
end of a drive saew or shaft 105 supported at its rear 
end in a bearing 1 06 fixed in the housing 21 . The screw 
or-shaft-105-has a~continuousiBxterrarheri«^ 
107 thereon which mates with interior threads of a car- 
riage 108. The carriage 108_ is_slidably_ supported in_a_ 
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bushing 109 fixed in the housing 21. The shaft 105 
rotates within the housing 21 about a longitudinal axis 
112. 

At the fonward end of the carriage 108 is supported 
a pair of hooked jaws 114 which are pivotally mounted s 
at their rearward ends by a pair of pivot pins 1 15 to the 
can'iage 108. The jaws 1 14 are biased toward the axis 
1 1 2 by a pair of balls 1 1 6a and 1 1 6b of resilient material 
positioned between the outside of the jaws 114 and an 
inner cylindrical wall 1 17 of a recess 1 18 formed in the io 
fOHA^rd end of the carnage 108. The balls ll6a. 11 6b 
are partially captured in depressions in the outer sur- 
faces of the jaws 114. TTie balls 11 6a. 116b bias the 
jaws toward their Innermost position toward the axis 
112. The innermost position of the jaws is determined is 
by a spacing block 1 19 on the axis 1 12 of the carriage 
1 08 at the center of the cavity 1 1 8. 

When a syringe 32 is locked in the jacket 31 with its 
axis 41 and the axis 40 of the Jacket 31 may be in align- 
ment with the axis 1 1 2 of the shaft 1 05, the plunger 54 20 
may be located in the cylindrical body 55 of the syringe 
case 50 in a positon forward of the remote end 56. Pref- 
erably, however, the jaws 1 14 are displaced to the side 
of axis 112 of the shaft 105 so that as the jaws 114 and 
coupling tip 98 are in their disengagement position, 25 
maximum clearance is provided so that the syringe 32 
may be inserted into the jacket 31 without the sterile 
internal walls of the syringe 31 touching the compo- 
nents of the drive, as illustrated in the figures. 

In the engaging position, the jaws 1 1 4 are nonethe- 30 
less in alignment with the coupling 98 on the axes 40 
and 41 of the jacket 32 and syringe 32. In such a situa- 
tion, the jaws 1 14 may be in a retracted position at the 
center of the opening 39 of the door 25 adjacent to the 
proximate end 34 of the jacket 31 . and out of engage- 35 
ment with the coupling 96 on the plunger 54. From this 
position, operation of the motor 101 rotates the shaft 
105 and drives the carriage 108 forwardly to move the 
jaws 114 toward and into engagement with the coupling 
96 on the plunger 54. This engagement takes place as 40 
shown in Fig. 1 1 where a pair of tapered cam surfaces 
120 at the foHA^ard interface of the tips of the jaws 114 
engage the enlarged portion or button 98 of the cou- 
pling 96 to expand the jaws, as shown in Fig. 1 1 . to snap 
around the button 98 of the coupling 96 to form a driving 45 
engagement between the drive assembly 100 and the 
coupling 96 of the plunger 54 as shown in Fig. 12. Once 
80 engaged, any forward or reverse movement of the 
carriage 108 under the power of the nwtor 101 will 
cause the plunger 54 to be driven either fbnwardly or so 
t>ackwardly in the syringe body 55. 

Disengagement of the jaws 114 from the coupling 
96 can thereafter be achieved by translational move- 
ment between the coupling 96 and the jaws 114 
between a disengaged position as shown in Fig. 4 and ss 
an engaged p)osition as shown in Fig. 5. When the 
plunger coupling 96 and the jaws 1 14 are disengaged, 
the syringe 32 can be replaced without the need to 
retract the carriage 108 of the drive 1 00. This allows for 
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rapid replacement of the syringe 32. Preferably, the jaws 
114 are either fully retracted toward the housing 21 
where engagement by translation of the coupling 96 will 
occur, or the jaws 1 14 are sufficiently within the jacket 
prior to replacement of the syringe so that the coupling 
96 of the replacement syringe 32 will not contact the 
jaws 114 except as the drive 100 is advanced. 

If sterility is not a problem, the most time saving 
approach would be to insert the syringe 32 into the 
jacket 31 with its plunger all the way fbnward and the 
drive fully advanced so that, when the syringe is trans- 
lated toward the jaws 1 1 4, engagement will immediately 
occur and the plunger can be immediately retracted to 
fill the syringe. 

When a syringe 32 is inserted into the jacket 31 
when the plunger 54 is at its rearmost position toward 
the proximate end 56 of the syringe body 55, the cou- 
pling 96 is in a position adjacent the proximate end 56 of 
the syringe body 55 and projecting rearwardly therebe- 
yond. When in such a position, engagement between 
the jaws 114 and the coupling 96 is brought about by 
translatioral movement between the position shown in 
Fig. 4 and that shown in Rg. 5. In the unlocked or disen- 
gaged position shown in Fig. 4, the axes 40 and 41 of 
the jacket 31 and the syringe 32, respectively, as well as 
the center of the opening 39 of the door 25. lie spaced 
from and parallel to the axis 112 of the shaft 105 as 
shown in Fig. 4. In the locked or engaged position, the 
axis 1 12 of the shaft 105 is slightly eccentric relative to 
the axes 40 and 41 of the jacket 31 and syringe 32. 
respectively, as shown in Fig. 5. This translational 
movement the engagement and disengagement 
between the coupling 96 and the Jaws 1 14 and the 45'' 
rotational movement which secures the cap 51 to the 
pressure jacket 31 by engagement of the threads 85 
and 86 are brought about by operation of a translating 
and locking mechanism 125, which is besX understood 
by reference to Figs. 2-9. 

The translating and locking mechanism 125 
includes a cam and locking ring 127 which is rotatatsly 
retained in a circular recess 126 in the back of the door 
25. The ring 127 has a generally semi-circular groove 
130 in the k>ack surface thereof for receiving a spring 
wire retaining clip 131 having a pair of looped ends 133 
which extend through a pair of slots 1 34 in the rim of the 
ring 1 27 and into a selected one of three pair of diamet- 
rically opposed notches 135, 136 and 137 in the inner 
wall of the rim of the recess 126 in the door 25. The 
three pair of notches 135, 136 and 137 represent three 
positions of the translating and locking mechanism 125 
which are the locked, unlocked and release positions, 
respectively. The locked position of the mechanism 125 
in which the loops 1 33 of the ring 1 3 1 are in the notches 
135. is that illustrated in Figs. 5-7 and 10. The unlocked 
position, in which the loops 133 of the ring 131 are in the 
notches 136. is tiiat illustrated in Figs. 2-4 and 8. The 
release position, in which the loops 135 of the clip 133 
are in notches 137. is that illustrated in Rg. 9. The ring 
127 is moved among tiiese tiiree positions by a manu- 
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ally accessible handle 138 in the form of a cylindrical 
knob 139 rotatably attached to a lever arm 140 formed 
integrally and extending radially from the ring 127 
through a slot 141 in the door 25 (Fig. 1). The ring 127 
is retained in the recess 126 by a pair of screws 143 
which thread into countersunk holes 144 at the periph- 
ery of the recess 126 in the back of the door 25. These 
screws 143 have enlarged heads 146. which, when 
seated in the holes 144. overlie the edge of the ring 127, 
thereby securing it for rotatalsle movement within the 
recess 126. 

As shown in Figs. 2 and 6, the ring 1 27 has an inner 
periphery 149 which is larger than the circumference of 
the body 55 of the syringe case 50. Accordingly, when 
the syringe 32 is inserted in the jacket 31 , the proximate 
end 56 of the syringe case 50 extends through and is 
surrounded by the inner periphery 149 of the ring 127. 
Asymmetric keyway structure, preferably in the form of 
three slots or notches 151 , 152 and 153 (Fig. 6} are pro- 
vided in the edge of the proximate end 56 of the body 55 
of the syringe case 50. The spacings between adjacent 
pairs of the notches 151-153 differ from each other. 
Formed integrally of the ring 127 and projecting 
inwardly from the inner periphery 149 thereof are three 
tabs or keys 155, 156 and 157. These tabs 155-157 are 
spaced so as to fit into the respective notches 151-153 
in the proximate end 56 of the body 55 of the syringe 
case 50 so as to rotate the syringe 32 as the mecha- 
nism 125 is rotated through actuation of the handle 138. 
Because the notches 1 51 -153 and the tabs 155-157 are 
unequally spaced, they can only engage each other 
when the syringe 32 is inserted into the jacket 31 in one 
and only one orientation. That orientation Is one which 
will cause the slot 62 of the collar 52 (Fig. 3) to align 45"" 
counterdockwnse of the vertical when the mechanism 
125 is in its unlocked position, which is a position in 
which it will be when the syringe is first inserted into the 
jacket 31. and to be in an upwardly facing orientation, 
when fully loosened, when the mechanism 125 is 
moved to its locked position. Accordingly, the notches 
135 and 136 in the recess 126. which receive the loops 
133 of the spring dip 131 when respectively in the 
locked and unlocked positions, are 45'' apart. 

The rotation of the mechanism 125 from the 
unlocked position to the locked position rotates the 
syringe 32 In the jacket 31 and rotates the cap such that 
its threads move from an unlocked position as shown in 
Fig. 4 to the locked position of Fig. 5, to secure the cap 
to the jacket 31 by the engagement and tightening of the 
threads 85 and 86. 

The translational movement of the axes 40 and 41 
with respect to the axis 1 1 2 is achieved by a fixed cylin- 
drical cam follower or pin 150 which projects outwardly 
from the fixed housing portion 22 k)ehind the ring 127 
and into a cam slot 154 formed th^ein. The slot 154 is 
shaped so that the axes 40 and 41 which remain fixed 
-witfi-respect-to-the ring T27rabng'with the-door 25. the ' 
jacket 31, the syringe 32 and all of the structure mutu- 
ally carried thereby, are moved in relation to the _axis_ 



112 of the shaft 105 and the other structure mutually 
carried by the housing 22, as the mechanism 125 is 
rotated. These axes move toward and away from each 
other in accordance with the shape of the slot 1 54 deter- 
5 mined by the radial distance from the point along the 
slot 154 where it engages the pin 150 to the axes 40 
and 41. 

The cam slot 154 in the ring 127 is shaped such 
that, when the mechanism 125 is in the locked position 

10 as shown, for example, in Figs. 6 and 7, the distance 
between the pin 150 and the axes 40 and 41 is at a min- 
imum and the axis 112 coincides with the axes 40 and 
41. This is illustrated in Figs. 5 and 7 wherein the cou- 
pling 96 is shown positioned t>etween the jaws 114 and 

15 in mutual engagement therewith. When the mechanism 
125 Is in the unlocked position, with the loops 133 of clip 
1 31 in the notches 1 35 (Rg. 6) of the recess 1 26. the pin 
150 lies in the slot 154 in the position shown in Fig. 8, 
which is ^rther displaced from the axes 40 and 41 than 

20 in the position of Figs. 6 and 7. so that the coupling 96 
is translated to a position outside of the center line of the 
jaws 114, as shown in Fig. 8 and further illustrated in 
Fig. 4. 

In the release position, as shown in Fig. 9, the pin 

25 1 50 is positioned at the open end 1 60 of the cam sur- 
face of the slot 154 so that the door 25 can be rotated 
upwardly about the hinge pin 26. as shown in Fig. 9. to 
open tiie space behind the door 25 for access thereto. 
This position may be used for cleaning tiie area behind 

30 the door 25 which is sometimes necessary because of 
possible leakage of fluid from the cavity 61 into the 
space behind the plunger 54. This can possibly occur 
because the fluid within the cavity 61, when toeing 
injected by forward advancemerrt of the plunger 54. may 

35 be of relatively high pressure in the range, usually over 
200 psi. For applications such as the injection of con- 
trasting fluid for CT scanning, pressure may typically be 
in the range of from 25 to 300 psi.. while in some angio- 
graphic injection applications the pressure may range to 

40 1200 psi or higher. 

In addition, leakage rearwardly along the exterior of 
the neck 59 of the syringe 32 can cause fluid to flow 
between the body portion 55 of the syringe 32 and the 
jacket 31 . For this reason, the cap 51 is caused to fit 

45 snugly against the forwvard surface of the conical portion 
57 of the syringe 32 at least suffidentiy to restrict the 
flow of this leaking i\\M onto the neck 59. This is 
assisted by the conf iguration of the cap 51 at the rim 87 
thereof so as to divert away from the space between the 

so syringe 32 and jacket 31 fluKi which might leak from the 
nozzle. 

The front of tiie housing 21 has formed thereon a 
door stop 185 having a slot 186 formed therein for 
receiving a lug 187 of the door 25, to restrain the door 
55 25 against forward force exerted by the drive 100. 

Behind the front of t he ho using 21 ad^cerittiie^opj M _ 
~ ~is~€rmaghetic sensor 188. which is responsive to the 
presence of a magnet 189 in the lever arm 139 of the 
_ handle 138. The sensor 188 generates a signal to the 
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control module 16 to activate the drive 100 only when 
the mechanism 125 is in its locked position 

Referring to Fig. 13. there is illustrated a locking 
mechanism 225 that is an alternative to the locking 
mechanism 125 described above. In the locking mecha- 
nism 225. a stationary geared rack 250 is provided fixed 
to the housing 21 . A mating gear segment 254 is formed 
on the outer rim of the alternative locking ring 227 of this 
embodiment. The gear segment 254 and rack 250 
replace and function in the same way as the slot 1 54 
and pin 150 of the embodiment desaibed above. As the 
mechanism 225 is rotated by the handle 138, the door 
25 that carries the jacket 31 and the syringe 32 is trans- 
lated to bring the coupling 96 into or out of engagement 
with the jaws 114 of the drive 100. Simultaneous with 
-this translatory motion, the syringe 32 is rotated in the 
jacket 31 to lock or unlock the syringe 32 to the jacket 31 
by engagement or disengagement of the threads 86 on 
the syringe 32 with the threads 85 on the jacket 32. 

Fig. 14 illustrates an altemative to the embodiment 
of the coupling 96 described above. In the embodiment 
of Fig. 14, there is provided a coupling 296 that is T- 
shaped, having a rectangular endpiece 298 at the rear- 
ward end of a cylindrical or square shaft 297 on the 
rearwardly facing circular surface 95 of the plunger 54. 
Such a coupling 296 engages the jaws 1 14 by rotation 
of the locking mechanism 125 or 225, preferably 
through an angle of 90''. When the orientation of the 
endpiece 298 is parallel to the plane of the Jaws 114, the 
drive 1 00 is locked to the plunger 54 so that axial move- 
ment of the drive 100 moves the plunger axially, in the 
forward directbn to expel fluid form the syringe cavity 
61 , or in a rearward direction to fill the cavity 61 with 
fluid. When the endjpiece 298 is perpendicular to the 
plane of the jaws 114, the coupling 296 will move into or 
out of engagement with the jaws 114 upon relative axial 
movement between the plunger 54 and the drive 100. 
Thus, with this embodiment, rotational motk>n. rather 
than translational nrKition, causes engagement and dis- 
engagement of the coupling 296 by the jaws 114. With 
this embodiment, orientation of the syringe 32, when 
loaded into the jacket 31, is preferably maintained 
through the cooperation of the notches 1 51 - 1 53 and the 
tabs 154-156 (Fig. 4}, so that the coupling 296 will enter 
the jaws 114, when the syringe 32 is inserted into the 
jacket 31. with the endpiece 298 perpendicular to the 
pair of jaws 114. 

The locking structure between the syringe 32 and 
the pressure jacket 31 should provide for retention of 
the syringe 32 in the jacket 31 against the force of the 
flukJ pressure in the cavity 61 or axial force otherwise 
exerted on the plunger 54 by the drive 100. This locking 
of the syringe 32 to the jacket 31 is preferably achieved, 
as shown in Rg. 5. by structure at or near the forward 
wall 57 of the syringe case 50. In accordance with the 
embodiment of Fig. 15, such structure may include 
external threads 200 on the fonward end of the syringe 
body 257, which mate with internal threads 201 at the 
remote end of the jacket 31 . With such an embodiment. 



the syringe 32 is preferably provided with an annular 
flange 203 around the body 257 at the juncture of the 
body 257 with the syringe front wall 258. The flange 203 
inhibits the flow of leaked fluid into the space between 

5 the syringe body 257 and the jacket 31. With such an 
embodiment, the wall 258 is either thickened, provided 
with reinforcing such as the ribs 208, or provided with 
other structure to resist deformation of the wall 258 
under the pressure of the fluid within the cavity 61 . 

10 Alternatively a reusable split clip 210 may be 
employed to secure a continuous flange 203 of such a 
syringe to a continuous flange 212 at the end of the 
pressure jacket in the embodiment of Figs. 16. As a fur- 
ther alternative as shown in Fig. 17. a ring clip 210a 

IS having an outer rim 215 and rotatably mounted to the 
syringe 31, encircles and engages outwardly projecting 
threads of a disk flange 213 formed at the front end of 
the jacket 31 . as the syringe 32 is twisted onto the jacket 
31, to engage the jacket in a manner similar to the 

20 threads 85 and 86 in the embocfiment of Figs. 2-12 
above. 

The invention has been described in the context of 
its preferred embodiments. It will be appreciated by 
those skilled in the art that variations and alternatives to 
25 the embodiments described may be employed without 
departing from the principles of the present invention. 
Accordingly, this patent is not intended to be limited 
except by the scope of the following claims: 

30 Claims 

1. A firont loadable power injector for injecting liquki 
into the body of an emimal from a disposable 
replacement syringe having a fluid cavity therein, a 

35 front end discharge orifice communicating with the 
cavity and a plunger moveable in the cavity and 
drivably accessible from an open back of the 
syringe, the injector comprising a housing, a 
syringe-receiving opening on the housing, a drive 

40 ram movably supported on the housing and having 
a front end axially extendable and retractat>le there- 
from through the opening, a power unit carried by 
the housing and drivably linked to the drive ram, a 
plunger coupling mounted on the front end of the 

45 drive ram and operable to affect a connection 
between the ram and the plunger of a syringe when 
mounted to the injector upon relative motion 
between the ram and the plunger, arKl a syringe 
lock operable to lock the syringe to the injector upon 

so relative motion between syringe and the injector, 
wherein the relative motion between the lam and 
the plunger is linked to the relative motion between 
the syringe and the injector such that locking of the 
syringe to the injector causes connection of the ram 

55 and the plunger. 

2. An injector as claimed in Claim 1 , including motion 
inrparting means operative upon movement thereof 
with respect to the housing for imparting relative 
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movement between the plunger coupling and the 
plunger to move them into and out of driving 
engagement. 

3. An injector as claimed in Claim 1 comprising means 
for imparting relative movement between the ram 
and the plunger, the movement imparting means 
comprising a linkage connected between the ram 
and the injector housing operable to move the 
plunger coupling relative the plunger. 

4. An injector as claimed in either Claim 2 or Qaim 3, 
wherein the movement imparting means is move- 
able between a lock position at which the plunger 
coupling engages the plunger and an unlock posi- 
tion at which the plunger coupling is disengaged 
from the plunger. 

5. An injector as claimed in any one of Claims 2 to 4, 
wherein the relative movement between the 
plunger coupling and the plunger is transverse. 

6. An injector as claimed in Claim 5, wherein the 
transverse movement between the plunger cou- 
pling and the plunger is translator y movement with 
respect to the direction of axial movability of the 
ram. 

7. An injector as claimed in darm 5, wherein the 
transverse movement between the plunger cou- 
pling and the plunger is rotational movement about 
the direction of axial movability of the ram. 

8. An injector as claimed in any one of Claims 2 to 7 
wherein the movement imparting means includes at 
least some structure in common with the syringe 
lock. 

9. An Injector as claimed in any preceding daim 
wherein the syringe lock is operable on rotational 
motion of the syringe relative the injector. 

10. An injector as claimed in Claim 9 when dependant 
on any of Claims 2 to 8 wherein the movement 
imparting means is operative to impart the relative 
movement between the plunger coupling and the 
plunger upon, and simultaneously with, the rotation 
of the syringe relative the injector. 

11. An injector as claimed in any preceding claim, fur- 
ther comprising means carried by. and mounted for 
movement in relation to. the housing for imparting 
relative movement between a syringe mounted to 
the injector and the housing between a locked 
angular orientation at which the syringe is locked to 
the Injector and an unlocked orientation at which 

_ . Jhe syringe-is.removablefrom-the-injector. - - 

12. An injector as claimed in any preceding daim, 



wherein the syringe lock includes locking threads, 
configured and positioned to form a locking connec- 
tion Vlith matiiii IfiiiyStli oh a syringe mounted to 
tiie injector. 

5 

13. An Injector as claimed in Claim 12 when dependant 
on Claim 11, wherein the nrK>vement imparting 
means is operat>le to impart relative movement 
between the locking threads and the mating 

10 threads of a syringe mounted to the Injector to lock 
tiie syringe to and unlock the syringe from the injec- 
tor. 

14. An injector as claimed in Claim 13, wherein the rel- 
15 ative movement is rotational. 

1 5. An injector as claimed in any one one of Claims 2 to 
8 or any one of Claim 9 to 14 as dependant on any 
one of Claims 2 to 8, wherein the movement impart- 

20 ing means includes at least one key carried by the 
housing and insertable. when a syringe is mounted 
to the injector, in at least one notch in the back end 
of the syringe. 

25 16. An injector as daimed in any preceding claim, fur- 
ther comprising means for orienting a syringe in at 
least a first predetermined angular orientation witii 
respect to the housing when the syringe is mounted 
to the injector. 

30 

17. An Injector as claimed in Claim 16 when dependant . 
on any one of Claims 2 to 8 or any one of Claims 9 
to 15 as dependant on any one of Claims 2 to 8, 
wherein the movement imparting means is opera- 

35 tive to rotate the syringe between the first predeter- 
mined angular orientation, at which the plunger 
coupling is engaged with the plunger, and a second 
angular orientation, at which the plunger coupling is 
disengaged from the plunger. 

40 

18. An injector as claimed in Claim 17, wherein the ori- 
enting means includes at least some structure in 
common with the movement imparting means. 

45 19. An injector as claimed in any one of Claims 16 to 
18. wherein tiie orienting means includes at least 
some structure in common with the syringe lock. 

20. An injector as daimed in Claim 19, wherein the 
50 common structure of the orienting means and the 
\ock includes threads on the injector which form a 
locking connection with mating tiireads on a syringe 
mounted to the injector. 

55 21. An injector as daimed in either Claim 12 or Claim 
20, wherein the threads are radially outwardly pro- 
jecting and the syringe^mating tiireads are radially 
inwardly projecting. 
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22. A front loadable injector for injecting fluid into the 
body of an animal from a disposable replacement 
syringe having a hollow body containing a tillable 
fluid cavity on the interior thereof, a plunger axiatly 
moveable within the cavity, and drivably accessible 5 
from an open back of the syringe, the injector com- 
prising a housing, a syringe-receiving opening on 

' the housing, a syringe guide carried by the housing 
having a syringe receiving front end, a syringe lock 
at least partially carried by the injector and config- io 
ured to lock a syringe relative to the injector while a 
forward portion of the syringe is being held, a drive 
ram movably supported on the housing and having 
a front end axially extendable and retractable there- 
from through the opening along the syringe guide, a is 
power unit carried by the housing and drivably 
linked to the drive ram. and a plunger coupling 
mounted on the front end of the drive ram and oper- 
able to effect a connection between the ram and the 
plunger of the held syringe, wherein the syringe 20 
guide Is configured relative to the path of the drive 
ram to maintain the interior of a syringe received by 
the syringe guide out of contact with the ram when 
the ram is in an extended position along the path. 

25 

23. An injector as claimed in Claim 22 wherein the 
syringe guide is substantially tubular and disposed 
concentric with the axial path of the drive ram, and 
the syringe guide is configured to slidably engage 
the exterior of the body of a syringe as a badk end 30 
of the syringe body is received by the syringe guide 
and moved axially along the guide toward the hous- 
ing. 

24. An injector as claimed in either Claim 22 or Claim 35 
23 wherein the lock is fixed to the front end of the 
guide, and the syringe is removably mounted to the 
injector with the fbnrard portion thereof locked to 
the lock. 

40 

25. An injector as claimed in any one of Claims 22 to 24 
wherein the syringe has fluid media contained in 
the cavity thereof and cooperating locking structure 
earned by the k>ody thereof and lockingly engaged 
with the lock on the injector with the forward portion 45 
of the syringe extending from the front end of the 

^ gukJe. 

26. An injector as claimed in any one of Claims 22 to 25 
wherein the gukie comprises a jacket extending for- so 
ward from the housing. 

27. An injector as claimed in any one of Claims 1 to 21 
wherein the injector includes a jacket extending for- 
ward from the housing and having an open syringe- ss 
receiving end and wherein, in use, a syringe is 
mounted in the jacket 

28. An injector as claimed in either Claim 26 or Claim 



27, wherein the housing carries a door portion 
openably mounted thereto, the jacket being carried 
by the door and wherein, in a release position, the 
door can be opened and closed to permit access to 
the back end of the jacket. 

29. An injector as claimed in Claim 28, including means 
for locking the door closed during use of the injec- 
tor. 

30. An injector as claimed in any one of Claims 26 to 
29. wherein the jactet has a pressure restraining 
sidewall. 

31. An injector as claimed in any preceding daim, 
wherein the syringe has a pressure retaining cap 
secured thereto at the front end thereof. 

32. An injector as claimed in Claim 31 , when depend- 
ant on Claim 30, wherein the pressure retaining cap 
has a rim securable to the front end of the pressure 
jad^. 

33. An injector as daimed in either Claim 31 or Claim 
32, wherein the lock indudes means for forming a 
force restraining connection between the front end 
of the syringe and the front ervi of the pressure 
jacket. 

34. An injector as claimed in any one of Claims 31 to 33 
wherein the lock is carried in part by the cap. 

35. An injector as claimed in any one of Claims 31 to 
34. wherein the cap is formed off material separate 
from the body of the syringe. 

36. An injector as claimed in any preceding daim. 
wherein the syringe txxly is a cylindrical tut>e. the 
front wail of the tube including a truncated cone 
having its large end fixed to the front end of the 
tutxjiar kxxjy and its small end extending forward 
and wherein a discharge neck is sealed to and 
extends from the small end of the front wall, the 
neck having the discharge orifice at the front end 
thereof, the body, front wall and neck enclosing the 
cavity which communicates between the rear end 
of the syringe and the orifice. 

37. A method of loading a tukxilar replacement syringe 
into a power injector for injecting fluid into an ani- 
mal, the method comprising the steps of: providing 
a power injector having a housing, a syringe-receiv- 
ing opening on the housing adapted to receive a 
syringe having a generally circular exterior, a drive 
ram having a power unit linked thereto and operaksle 
to axially extend and retract the ram through the 
opening, a plunger coupling mounted on the front 
end of the drive ram, provkiing a hollow tubular 
syringe having a body having an axis, a dosed fbr- 
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ward end with a fluid discharge orifice therein, and 
a plunger slidable in the body and d rivably accessi- 

syringe to the injector by moving the syringe rela- 
tive to the injector, and connecting the ram to the 
plunger by relative movement between the plunger 
coupling and the plunger, wherein the step of mov- 
ing the syringe relative to the injector causes the 
relative movement between the plunger coupling 
and the plunger. 



10 



38. A method of loading a sterile syringe into an injec- 
tor, wherein the syringe has a hollow tubular body 
enclosing an interior, an open reanward end com- 
municating with the interior, and a closed forward is 
end having a discharge orifice therethrough, the 
syringe having a plunger slidable within the body 
and drivably accessible from the body rearward 
end, and the injector has a housing, an opening in 

the housing, a ram having a power unit linked so 
thereto and opersible to extend and retract the ram 
through the opening, the ram being connectable to 
the plunger of the syringe, when loaded on the 
injector, for moving the plunger longitudinally in the 
tsody to inject fluid into an animal, the method com- 25 
prising the steps of: positioning the syringe with the 
ram extended from the injector and located exteri- 
orly of the interior of the hollow tukxjiar body of the 
syringe; then moving the body of the syringe toward 
the injector in a direction generally parallel to the 3o 
direction of extension of the ram so that the ram 
enters the interior of the hollaw tubular body 
through the open rearward end of the syringe, and, 
while moving the syringe, guiding, with structure 
supported on the injector, the body of the syringe so 3S 
as to maintain the body out of contact with the ram 
and thus the sterility of the syringe: then securing 
the body of the syringe to the injector and connect- 
ing the plunger to the ram, and then applying power 
to the ram and therewith retracting the ram to\rard 40 
the injector to thereby reanvardly slide the plunger 
in the body and thereby fill the sterile syringe with 
fluid drawn through the orifice. 

39. A method as claimed in Claim 38 further comprising 4S 
the steps of connecting the orifice through a tube to 

an animal, further applying power to the ram to 
translate the ram fbnA^ard arxi thereby translate the 
plunger fonwardly to inject the fluid from the filled 
syringe, through the orifice and through the tube so 
into the animal. 

40. A method as claimed in any one of Claims 36 to 39 
wherein the initial position of the plunger is a posi- 
tion in which the plunger is substantially fully ss 
extended forward in the syringe body at the forward 

end of the body. - - — 

41. A method of replacing a first syringe with a seoond 



syringe in a power injector for injecting fluid into an 
animal, the method comprising the steps ofii^oyid^ 
^iffg'trffinjycioVv^ 
and a power driven ram extendat)le along a line 
through the opening; providing a first syringe posi- 
tioned in the opening secured to the injector and 
having a plunger therein connected the ram; com- 
pleting the injection of fluid into an animal by 
extending the ram in a programmed manner to 
force fluid from the first syringe; disconnecting the 
plunger of the first syringe from the ram while the 
ram is substantially extended; releasing the first 
syringe from the irijector while the ram is substan- 
tially extended; removing the first syringe from the 
injector by generally forward translatory movement 
of the first syringe relative to the opening while the 
ram is sul^stantially extended; inserting a second 
syringe into the injection, by generally reanward 
translatory movement of the second syringe, back 
end first, into the opening; securing the second 
syringe to the injector, and connecting the ram to 
the plunger of the second syringe. 



42. A method as claimed in Claim 41 wherein the sec- 
ond syringe inserting step is performed while the 
ram is substantially extended. 

43. A method as claimed in any one of Claims 37 to 42 
wherein the syringe securing step and the ram cou- 
pling step are performed simultaneously. 

44. A method as claimed in any one of claims 37 to 43 
wherein the syringe securing step is carried out by 
rotating the syringe relative to the injector. 

45. A metiiod as claimed in any one of Claims 37 to 44 
wherein the coupling of the plunger witii the ram is 
performed by rotation of the syringe relative to the 

injector. 

46. A method as claimed in any one of Claims 37 to 45 
wherein the engaging of the plunger with the ram is 
performed by a translating motion of the plunger 
relative to the ram. 

47. A method Of removing a disposak)le syringe from an 
injector after injecting fluid into an animal therewith, 
tiie injector having a powered ram extendable from 
tiie front end thereof, the method comprising the 
steps of: providing the injector having an opening 
dimensioned to receive the tack end of a disposa- 
ble syringe therein such that the ram is extendable 
into an open rearward end of a syringe inserted in 
the opening; providing the disposable syringe hav- 
ing an open rearward end inserted in the opening 
and secured to the injector, the syringe further hav- 

ingahollcwbodya plunger slidablyiTiOLiited'int!^ 

body and coupled to the ram of the injector, and a 
closed foHA^rd end h^irig an prifice.therein; provide 
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ing fluid in the hollow interior of the syringe; provid- 
ing a tube connected between the syringe and the 
animal; then driving the ram forward to move the 
plunger axially fonward to inject the fluid from the 
interior off the syringe through the orifice and the 5 
tube and into the animal, and then releasing the 
syringe from the injector and removing the syringe 
from the opening by fon^vard axial movement 
thereof with the tube connected to the orifice of the 
syringe. 70 

48. A method as claimed in either Claim 41 or Claim 47 
wherein the ram is disconnected from the plunger 
on release of the syringe from the Injector. 



49. A method as claimed in Claim 48 wherein the ram 
disconnection step and the syringe releasing step 
occur simultaneously. 

50. A method as claimed in any one of Claims 41 , 48 or 20 
49 wherein the syringe releasing step comprises 
rotating the syringe relative the injector. 

51 . A method as claimed in any one of Claims 37 to 50 
wherein the syringe is secured to and released 2S 
from the injector by respectively engaging and dis- 
engaging mating threads proved on the syringe and 
the injector. 
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(54) Apparatus for injecting f iuid into animals and disposable front loading syringe therefor 

(57) An animal fluid injector, replaceable syringe 
and method of replacement of the syringe in the injector 
are provided in which the syringe (32) is loadable and 
unloadable into and from the injector through the open 
front end (35) of a pressure jacket (31) of the injector, 
thereby permitting replacement without retraction of the 
syringe plunger drive (100) or disconnection of the 
injection tubing (65). The syringe (32) is provided with a 
pressure restraining front end, such as an Integral or 
removable cap (56) with structure such as threads (86) 
that \ock the syringe (32) to the front end of the jacket 
(31) by mating with threads (85) on the jacket (31). A 
mechanism (125) in the injector, which includes, for 
example, a key on cam ring (127) operated by a lever 
(140) with one hand of an operator, interacts with struc- 
ture such asymmetrically spaced notches (151-153) on 
the back end of the syringe (32) to, for example, rotate 
the syringe and simultaneously translate or rotate a 
coupling (96) on the syringe plunger (54) into and out of 
engagement with the plunger drive (100) in the injector. 
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